[1] A brief review on turbulent and ordered plasma motions in the solar corona is presented. Velocities in quiet coronal regions, coronal loops, coronal holes, and cavities around quiescent prominences are analyzed. Data based on interferometric observations of several total solar eclipses obtained earlier by the authors and in addition the values of turbulent velocities resulting from revising the 5303 line profiles were used. Published data based both on ground and space observations in visual and far ultraviolet (UV) spectral region are collected. The turbulent velocities in quiet loop structures and diffuse quiet corona seem to be similar, and the coronal plasma in the vicinity of the quiet protuberances is less turbulent than in the quiet corona or in the coronal holes. Velocities of directed motions for different structures in the corona are examined. It seems that the turbulent velocities are comparable by their magnitudes with the direct plasma velocities; however, at the same time they are slightly less. INDEX
Introduction
[2] The presence of large velocities in the low corona (up to heights h ∼ 1.2-1.5R ) was long ago known from groundbased observations. The spacecraft data obtained in the last decades, especially in the far UV from the ESA/NASA Solar and Heliospheric Observatory (SOHO), have clearly demonstrated that the low layers of the solar corona are much more dynamic than it was supposed before. In this review we have collected information about turbulent and directed velocities in various structural formations and in the quiet (diffuse) corona. We have used the results from published papers, based both on the ground and space observations in visual and ultraviolet spectral regions and our observations of four eclipses. the known technique [Delone et al., 2003b] . The Doppler width of an optically thin line profile ∆λD after correction for the instrumental broadening is related to the temperature T and the turbulent velocity ξ by the equation
Turbulent Velocities
where m is the mass of ion producing the line emission, k is the Boltzmann constant, c is the speed of light, and λ is the standard wavelength of the emission line. The turbulent velocity ξ is the excess of the observed line width over the contribution of the thermal motion
It is impossible to determine the value of T indirectly from the observations. The value of T is usually adopted as corresponding to the maximum abundance of a given ion. In our paper we did so for the temperature estimations. The temperatures deviate from each other for different ions. For the 5303Å coronal line T is known to be about 2 × 10 6 . [4] To find turbulent velocities, we have reanalyzed the profiles of the 5303Å (Fe XII) line measured during total solar eclipses of 1968 , 1981 , 1990 [Delone and Makarova, 1969 , 1975 Delone et al., 1989a Delone et al., , 1989b Delone et al., , 2002a Delone et al., , 2002b Delone et al., , 2003a . We have managed to determine turbulent velocities in morphologically different regions of the corona: SOHO Fe IX, Fe X 171, Fe XII 195 quiet corona (QC), coronal hole (CH), and quiescent prominence cavity (QPC).
[5] During the solar eclipse on 11 August 1999 a horizontal solar instrument consisting of two coelostat mirrors feeding two parallel tubes with identical optical and signal registration systems was used to photograph the solar corona [Delone et al., 2002b] . We used the Fabry-Perot interferometers for the Hα, K Ca II and Fe XIV lines with the corresponding narrow interferometric filters as premonochromators. Detailed description of the instruments is given by Delone et al. [2002b] . At the beginning the task of observations was to investigate the directed bulk plasma motions in the solar corona. Later the interferometric coronal line profiles obtained during the 1968, 1981, and 1999 eclipses were reanalyzed to determine the turbulent velocities. Two quiet prominences were seen at the eastern solar limb and two small coronal holes on the disc of the sun located close by the limb were observed. This provides a chance to compare the nonthermal velocities determined from the 5303Å line profiles for different coronal structures QPC, CH, and QC.
[6] On the images obtained on 11 August 1999, we have also found the regions with cool coronal emission (CCE). The mean turbulent velocities in the coronal cavities around the bulks of cold plasma with T ∼ 5 × 10 4 K-1.3 × 10 5 K turned out to be 32.5 km s −1 [Delone et al., 2003a] . [7] The obtained data together with the results given for various structural formations by other authors are listed in Table 1 : the date, information on the instrument and wavelengths, turbulent velocity (ξ) in various coronal formations, and references. [2003b] collected data from publications devoted to the investigation of the turbulent velocities in the quiet corona and based both on the ground and space observations. The observation were performed in the far ultraviolet spectral region (330-1500Å) and in the visual λ = 5303Å, λ = 6374Å, λ = 5694Å. The compiled results provide large amount of data in a statistic sense. For example, the observations of Chae and Schühle [1998] and Chae et al. [2000] on SUMER SOHO during the period from April 1996 to April 1997 were used. In other papers observations during several days were analyzed. In this compilation we have also included the values of turbulent velocities for the quiet corona obtained by the authors by reanalyzing the line profiles measured on the 1981 interferograms. From all these results it follows that the averaged value is equal to 18 km s −1 , the range of the velocities is from 10 to 30 km s −1 . [8] Using the observations on board SUMER SOHO during several months in 1996-1997 in the Mg IX 706Å and 750Å lines and Si VIII 1440Å and 1445Å lines near the southern and northern poles of the Sun over coronal holes, Wilhelm et al. [1998] did not try to separate the line half widths into the thermal and turbulent components and gave only the full Doppler velocities that correspond to the Doppler half widths of the lines. However, if we adopt the temperature T being equal to the commonly accepted temperature of the formation of the lines lg T (Mg IX) = 5.95 and lg T (Si VIII) = 5.99 then it becomes possible to calculate the values of the nonthermal velocities in coronal holes using the data of Wilhelm et al. [1998] . So we have found that ξ varies from 30 to 80 km s −1 . The average value is ξ = 45 km s −1 , which is larger than in the surrounding corona.
[9] The tabulated data display a noticeable scatter. It may be caused either by actual differences between the studied regions or by inaccuracies in the technique, mainly in the determination of the continuum background. The analysis of the data of Table 1 allows us to conclude that the turbulent velocities in the three considered regions of the corona follow the relationships: ξQPC < ξQC and ξQC < ξCH.
[10] According to numerous investigations a coronal hole is cooler than the quiet corona. If we assume for CH a lower temperature, as obtained in some papers, then the latter inequality will be even stronger. For the eclipse of 1999 we have obtained from the interferogram of the green coronal line [Delone et al., 2002a [Delone et al., , 2003a ] the values of ξ simultaneously in the same system for all three discussed regions of the corona.
[11] As known, loop formations are also typical of the low corona. They are observed in a broad wavelength range and extend to a height of several tens (up to several hundreds) of thousands of kilometers above the solar surface. The loops differ in their temperature (from 10 4 to 10 6 K), density, and dynamics. In stationary loops 10 < ξ < 20 km s −1 , and these values are characteristic for both "cool" and "hot" loops [Chae et al., 2000; Hara and Ichimoto, 1999; Harra-Murnion et al., 1999; Ichimoto et al., 1995] . As shown by Chae et al. [2000] , in dynamic loops turbulent velocities are appreciably higher (38 < ξ < 60 km s −1 ). We discussed possible interpretation of the observational results and relationship of ξ with magnetic field (MF) parameters earlier by Delone et al. [2003a] and Yakunina et al. [2004] .
Directed Motions: Methods for Velocity Determination
[12] Directed motions in the low corona are determined from the motions in the sky plane or along the line of sight. On their basis the total spatial velocity is derived.
[13] Prior to the epoch of space research the main data on velocities in the corona were obtained by Bugoslavskaya and Vsekhsvyatskii from white-light eclipse observations of coronal structures [Shklovskii, 1951] . A comparison of the images for different time instants allowed them to reveal relative displacements of some structures; however, their velocities were low. For instance, the expansion velocities of the envelopes enclosing ejecta from sunspots were about 10 km s −1 , whereas velocities in the envelopes enclosing prominences were several km s −1 . [14] Using the observations during the eclipse of 1965, Delone and Makarova [1969] have found for the first time large line-of-sight velocities V ls (up to 148 km s −1 ) from the 6374Å line for a coronal region above an active region (AR) using a Fabry-Perot interferometer. For 148 measured line profiles V ls the range from 5 to 148 km s −1 was found and besides for 89% of the cases V ls less than 80 km s −1 and for 11% V ls greater than 80 km s −1 were observed. From an interferogram in the green line 5303Å obtained during the eclipse of 1968, Delone and Makarova [1975] [Delone et al., 2002a [Delone et al., , 2003a .
[15] If isolated coronal loops are projecting against the solar disk, then, knowing from observations the Doppler velocity of the material and using an appropriate mathematical method for reconstructing the loop geometry from its projection [Loughhead and Bray, 1984; , we can calculate the true velocities of the mass flow along the loop. Thus Loughhead and Bray [1984] , Delone et al. [1989a Delone et al. [ , 1989b , Wiik et al. [1996] , and Malherbe et al. [1997] found from Hα observations (T ∼ 10 4 K) that the material is flowing from one foot point of the loop to the other at a variable velocity. The velocities are from several km s −1 to 100-150 km s −1 ; the velocities are minimum at the loop top. Doppler velocities measured in the far UV from rockets and by SOHO Coronal Diagnostic Spectrometer (CDS) are also between 10 and 100 km s −1 ; typical values are ±(50 − 60) km s −1 (2.5 × 10 5 K < T < 9.5 × 10 5 K) [Brekke, 1998; Brekke et al., 1997] .
[16] Present-day spacecraft capabilities allow us to obtain images and line profiles for the studied structures. Observations of coronal loops at a high temporal resolution have revealed their quite dynamic structure. Bright features ("blobs)" appear suddenly in the high corona and fall down along magnetic lines toward the solar surface. Their acceleration is much smaller than that of gravity, and some blobs flare as they approach to the surface. The comparison of the time series obtained in the Hα and K Ca II line on the Swedish vacuum telescope and on the Transition Region and Coronal Explorer (TRACE) spacecraft in the 1600Å band has shown that, as a result of the breakdown of the heat equilibrium at the loop top, a downward flow of dense, cool plasma of "blobs" is created; the "blobs" radiate in the transition region and chromospheric lines .
De proposed the same mechanism to interpret downward flows that were observed from identical intensity variations in a loop structure visible beyond the limb on 11 July 2001, in the 304Å line on 120 SOHO Extreme ultraviolet Imaging Telescope (EIT) images and in Hα on the solar telescope of the Big Bear Observatory. For seven "blobs" that were moving along loop structures, De Groof et al. [2004] found velocities increasing with time from 30 (at the loop top) to 120 km s −1 (at the foot point). Müller et al. [2004] have carried out numerical calculations concerning plasma condensation and catastrophic cooling in coronal loops. It is suggested that dramatic cooling results from loss of equilibrium at the loop top as a consequence of heating at the loop foot points rather than of a decrease in the total loop heating. This model explains the results of observations obtained with EIT [De Groof et al., 2004] and TRACE [Schrijver, 2001] in Lyα and CIV (1548Å) demonstrating the formation of cool clumps of material moving at velocities higher than 100 km s −1 and deceleration of 80±30 m s −2 , which is considerably smaller than the solar surface gravity.
[17] Loop structures and their changes are closely associated with changes of photospheric magnetic carpet located at loop foot points. The magnetic carpet is formed by multiple small-scale concentrations of magnetic fluxes carried out by convective motions. Wiehr and Puschmann [2005] studied small-scale magnetic structures on two-dimensional images taken in the CH 4300Å "G-band" at the Swedish Solar Telescope (SST) on La Palma using a special technique that yielded a spatial resolution of 70 km on the solar surface. Wiehr and Puschmann [2005] selected about 2600 magnetic flux concentrations that looked like bright points in intergranular lanes. Among them 42% had a diameter of 150-200 km, 2.5% were smaller than 113 km, and 1.3% were larger than 290 km [Müller et al., 2004] . The magnetic flux in them, 10 17 Mx, is by two orders of magnitude less than the lower limit for sunspots.
[18] As discussed by Schrijver [2005] , emerging magnetic fluxes range over 6 orders of magnitude down to the smallest observable values. The lower end of this spectrum plays a fundamental role in sustaining the chromospheric network giving a noticeable contribution to the global magnetic field of the Sun. [19] What are the properties of the atmosphere above the magnetic carpet? [20] Earlier relations between different events occurring on the solar surface, in the chromosphere, transition region, and corona were subjects of suppositions. Only obtaining the opportunity to compare the data obtained simultaneously with TRACE and SOHO, researchers could follow such links. The observations of May 16 1998, in the framework of Joint Observation Program (JOP) 72 on MDI (Michelson Doppler Imager) and SUMER (Solar Ultraviolet Measurements of Emitted Radiation) SOHO instruments as well as on TRACE spacecraft have demonstrated the responses of the chromosphere and transition region to changes in the photospheric network. Ubiquitous small-scale magnetic tubes can cause formation of plasma jets. Enhanced emission in the CIV lines is generally cospatial with the photospheric magnetic pattern, and the OVI line is observed 1500-2000 km from decaying magnetic features in the photosphere (and consequently from the CIV line brightenings). The velocities observed in the jets have a large range of 40-220 km s −1 . If the transient radiation is accompanied by a plasma flow, the energy is distributed between these two objects. Strongly localized emission corresponds to slower jets, and vice versa. Plasma flows are always visible if the slit crosses the site of a magnetic tube or of supergranulation converging to a point.
[21] SUMER observations in UV and X-ray lines together with TRACE images with a high spatial and temporal resolution have yielded a large database on coronal velocities above a mixed-polarity field. In particular, Doyle et al. [2004] observed a bidirectional jet with a Doppler velocity of about ±200 km s −1 . From the shift of the line profile Ryutova and obtained for a similar phenomenon 250 km s −1 . The scale for this phenomenon is 2000 km, mean life time is 200 s. During one second above the solar surface there exist from 600 to 3300 such jets, which appear above the mixed-polarity regions of the photosphere. Tarbell et al. [2000] observed in the CIV line a very intense jet with line-of-sight velocities 50-180 km s −1 and a bidirectional jet with a mean line-of-sight velocity of ±80 km s −1 . [22] Many works have been devoted to the study of velocities in CHs from the Doppler shifts of lines [Brosius et al., 1999; Giordano et al., 2000; Hansteen et al., 2000; Patsourakos and Vial, 2000; Peter and Judge, 1999; Peter, 1999; Warren et al., 1997] . Using N IV and Ne VIII SOHO observations, Madjarska et al. [2004] studied bidirectional jets at the boundary of the "Elephant Trunk" CH; the jets appeared there 4-5 times more frequently than in the quiet Sun. They occupied 4 -5 along the slit, lived for 300-1000 s, and their shift in λ corresponded to velocities up to 150 km s −1 . The authors consider that these jets result from reconnection of topologically different (closed and open) fields at the CH boundary, which lead to a change in the CH magnetic field.
[23] Velocities similar to the above discussed ones occurred also at greater heights in the corona. Sheeley and Wang [2002] observed with SOHO Large Angle and Spectrometric Coronagraph (LASCO) in the sky plane thousands of downward flows. They are formed much more frequently in the years around solar maxima and have a 27-day recurrence, appearing at a rate of about one event per hour. Downward flows are almost ubiquitous. Some observers point out that the majority of downward flows appear at the sector boundary, where oppositely directed magnetic lines collide.
[24] TRACE observations have revealed dark features that moved sunward. The downward flows of 1996-2000 were studied by Sheeley and Wang [2001] . These flows are especially numerous when the coronal field has a four-sector structure. The downward motion rate is related to various solar activity tracers: sunspot number and occurrence of coronal mass ejections (CMEs). The majority of downward flows are associated with decaying field structures.
[25] We see that bidirectional jets that are observed above the regions with mixed magnetic field are revealed over the entire disk. Downward flows are observed as frequently [Sheeley and Wang, 2002] . The derived velocities, 50-100 km s −1 , agree well with the values found from interferograms; we find them virtually everywhere in the corona.
[26] The above research results in a conclusion: not only turbulent velocities increase in the regions with changing magnetic field, but the directed motions mostly take place in such regions. [27] Thus the values of turbulent velocities are from several km s −1 to several tens of km s −1 , displaying certain regularities: turbulent velocities are maximum in CHs and minimum in a cavity around a quiescent prominence; seemingly, the turbulent velocity in quiescent loops does not depend on the loop temperature and is consistent with the values of ξ in the diffuse corona. As we discussed before [Delone et al., 2003b] , turbulent velocities probably have MHD nature and are caused not only by temperature, density, and orderedmotion velocities, but also by the MF variability. Ordered velocities in various structures may vary from several km s −1 to (100-200) km s −1 (and perhaps to higher values, because in many cases only the Doppler component of the total velocity can be measured). Probably, ordered velocities have on the average greater values than turbulent velocities; to some extent, these velocities can be interrelated, because in dynamic structures both ξ and V are higher than in quiet ones. This is inferred from the observations of dynamic loops and jet structures visible in the transition region lines.
Conclusion

